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Q = 32,6 L/min
Q = 38,9 L/min
Q = 46,6 L/min
Q = 53,0 L/min
Q = 65,0 L/min
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Q = 32,6 L/min
Q = 38,9 L/min
Q = 46,6 L/min
Q = 53,0 L/min
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Q = 32,6 L/min
Q = 38,9 L/min
Q = 46,6 L/min
Q = 53,0 L/min
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d = 100 µm
d = 500 µm
y=1,48 ln(t) -1,43
y=0,06 t +1,02
















d = 500 µm
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d = 100 µm
d = 200 µm
d = 500 µm
y=24,3 ln(t) + 4,76
y=4,82 t + 34,3 
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ν = 10−6 m2.s−1
d = 110 µm
χ = 1,1
 λ   = 0,9 mm
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− k2w1(z) = a2 Ai ◦ ξ(z) + b2 Bi ◦ ξ(z) ! Bq5<; X "
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kyu1 − kxv1 = φ1
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= ω1A1 + K1 A2A3
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 (ω2) a2 + κ2(∆φ)a1a2
d(∆φ)
dt












 (K1) cos(∆φ)− ﬀ (K1) sin(∆φ)
κ2 =
@
 (K1) sin(∆φ) +
ﬀ (K1) cos(∆φ)
































.%	  	ﬃZ y%* %1/1 
ﬀﬂ
;!>!/,#*01 
	a/ yS01  .(	ﬀﬀﬂﬃ.+/1 /'`"Y56$qP1bﬂ^
 .
% ﬀﬂ
V%;/.+1 k-%ymﬀ !1 /;,[.












 	       
	   	 	  	  	 




















kxl   = 0,2
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kyl   = 0,05 .
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kxl   = 0,2
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(kxl  ; kyl  ) = (0,2; 0,1)
= (kxl  ; kyl  ) = (0,2; 0,05)
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 @  (ω1) a1 + κ1a22@  (ω2) a2 + κ2a1a2
ﬀ (2ω2 − ω1)− κ3 sin(∆φ) + κ4 cos(∆φ)

$qd1bﬂ^y .6 %1/1  X  z y/;78q.%
H%# y9-Vyz %!m1/ 6%	/%	 F !y	I X  5rq 











qVVK%	 X  


















k1  r 5
C
y!A. #1 .%!1 m3la%.
6%3- y ﬀﬂy*	9ﬂv!v	l 
)V`Ky%	



























1 1/%2a		/ %!	1 [*Klﬃ&%ﬀ5ZqV\	Q+!1,&%ﬀ[%l

ﬂ^ 1%q/4Ł/873ﬃ<L#/1q





















ﬂv!$	jV>.%^1 #54OU1 !>- yh %!Iy1/,(y
	w$1bﬂ
,y1 ! y
	*%3  *K'&%ﬀ !/1 
Q+
	,## yR8f%	 ﬀ%*)#1 %hL[1/%	/%0 %	' %! .
1 /	

.%	*=)* 1 p %		'+#/yA1 p1 ! !)k+1 E1  8 /	%ﬀ%*>-8(>ﬂv#%H1/%,y 	.6#	 /	
%]	
ﬀﬂ/%	3-V ,#"1 %I












!         ﬁ     
    & ﬁ 
     

     	8ﬃ ﬁ('ﬀ
	 ﬀ$%	 !	 ﬃ (#  ﬁ ﬁ  ! ' (%8# '  ﬀ
q $/#/y Iy! ,y1}K'%I

















. ! ﬀIm.%y6!1 .(y
%*	ﬀﬂ%2 %!cY=	0/ﬀS.( 6Łd l5%	%*pﬀq6&
1 









  1/1 %ﬀ%*1
1bﬂ^y		ﬃ1/ 6% 	ﬃH=ﬃm3la%.=6m.%I.%	   




































6	y!,m1 y	a	01 .%y!	'+ 










y1/%ﬀ%* 59OJ1/>- . ﬂ^%lﬃ1 "ﬀ 






0(y	/n"$w.%	'y 1/ 1/ .)&y   ﬀq! 1  1 S l).+1/5
q  1 6(y
	S
ﬂ^y!M	'
/ ,#	/%	 y!. .%yﬀﬀ
6
ﬀ Y
ﬀﬂ' 1/ .% 
ﬂ^ %.
y1/%ﬀ%*
!	'+1/%* 5kqﬂ #1K4yDC1 /6 # 	 4y-,y !	'%%*ﬃ
.-y#%1/1 k-8	> y4 
ﬀﬂ
*

























"Ł-,%. A = 0,2 
 B = 1 5
!	 1 
yDC1 /6 #	/'%4	-,y%*dŁ1 1 yp	' y	l 











 	       
	   	 	  	  	 
	 	   
>ﬂv.6!1  
*(!c+/% m1 . m1 #ﬀﬂ/ 	Aﬂm1 $. #"!	'+1/%* 5@S  	
,#.)&!.-;y



























Iy/,%*1 	Y=	;= % 8> %#ﬀﬂﬀ%* 5
C








	 . ..+1  ]	'































ﬂ^y	 (y !ﬂ&xK	8Kﬀ #5qﬂ #1K






y61 .(yyDC1 /6 # 	A$ﬀﬂ%IQ+!1  





























p1}K yDC1 /6 # 	;ﬀy*	y. d.%
	 Vﬀ Va	 C/ﬀﬂ
/y




!Vy 3-Vy"%  ,ymﬀﬂ/m






	 ﬀ !%	%5 O!1 3-yy
ﬂ  ,yd. 1/.%1Ł[

)8 7#1 >-











	)761 I*K'&%ﬀ~ y		 Ci*C  1





































1bﬂ^ *%	,%*/y A1 	'+!1 











4v   















	Xﬂ,.8Iq%- #ﬁ.	 #6# 'ﬂﬀﬁ/ ,ﬁ>(ﬁ	%-






	#y&ﬀﬂ	.	/.	;	Xﬂ =,ﬁﬁ	#ﬀ#ﬁ 1	ﬁ8(0%&+ﬂ#78S< ﬃ/.	/
ﬁﬀ-





















%H&01%Jsﬀﬃ%-+1%- &ﬃ1	K#"M , '~ﬃﬁ-1*ﬃﬁ	ﬀﬁA% #"$ﬀ
ED:ﬂy#/%&ﬀ6Mﬁ/! l5'/ KDR:
ﬂ^ﬀﬃ3k+	/#ﬃ 7
T   "'  #   ﬁ(')*ﬀ ﬀ #  8ﬃ '"#
	  !










 	     		 	        
	      	 
 
	






.#) 	'ﬁﬃ K)ﬃ .9	#	 #ﬀ
&ﬂﬁ"ﬃ! #" r RﬁﬀE%$R%.&	D.	 .	ﬂE '&4ﬁﬃ%.(ﬁ1&	( '	ﬀﬁJ
"I-!$)'		#7+*Gﬁ=Q	#D.	/.	OBQ'	/'5 .ﬁ#ﬁ&-, 	/%#./#=!"
































7!4.%$R%.KOﬂﬀ'&4ﬁﬃ%/Gﬁ# #*,ﬁﬃGMﬁ =!<	4.%	#	%-G/ﬃ'& .
 O	65D.)	 τ(x) 7
H










































































C-   



























A-,("I/ ŵ  = + 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= ω1A1 − k2 [4k2A2A∗1 + 12k2A3A∗2 + 24k2A4A∗3]
dA2
dt
= ω2A2 − 4k2 [−k2A21 + 6k2A3A∗1 + 16k2A4A∗2]
dA3
dt
= ω3A3 − 9k2 [−4k2A1A2 + 8k2A4A∗1]
dA4
dt
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